East of the craton lies the EGMB, once part of the eastern Godavari graben and the petroliferous Krishna-Godavari Gondwanaland metamorphic belt (Katz 1974) with the metamorphic event age varying from 1.2 to 0.85 Ga (Grew & (KG) basin (Fig. 1) . In addition to the diversity in its tectonic framework, this stable continental platform is also characManton 1986; Yoshida et al. 1994) . The Cuddapah basin, situated between the Dharwar craton and the EGMB, evolved terized by moderate seismicity. The deep structure of such a region is likely to shed light on the architecture of old cratons, during the period 1.2 to 1.05 Ga due to a major thermal event (Bhattacharji & Singh 1984) , as evidenced by the presence of sedimentary basins and the influence of the break-up of eastern Gondwanaland. Previous geophysical information about the dykes, sills, kimberlite pipes and dyke swarms in the granitic basement. The Godavari graben along the contact of Dharwar region is confined to the Bouguer gravity anomaly (NGRI 1977) , the heat flow (Ravishankar 1988) , and the crustal and Bhandara cratons is an intracratonic linear sedimentary basin 400 km long and 50-100 km wide extending NW from velocity structure in the Cuddapah and KG basins inferred through deep seismic sounding (Kaila et al. 1987 (Kaila et al. , 1990 . There the east coast of India into the Deccan traps (Mishra et al. 1989) . To the eastern part of the graben is the KG basin, is no information on the velocity structure of the upper mantle which developed in response to transform movements of across the eastern part of the Godavari graben. Crustal thickness varies between 35 and 41 km, while the average P velocity adjoining plate margins. This petroliferous basin came into existence during the late Jurassic as a result of Indo-Antarctic ranges between 5.9 and 6.25 km s−1. Crustal thickening and velocity reduction is observed in the KG basin and EGMB rifting, which also included extensive volcanic activity around 65±2 Ma (Bakshi et al. 1994) . Burke & Dewey (1973) prosegments. Using quarry blasts recorded on stations in the Dharwar craton, Rai et al. (1996) presented a detailed crustal posed a hot spot and a triple junction centred in this coastal basin. Surface and subsurface basalt in the basin span 200 km P-velocity model for the region using the t-P method and inferred a 42 km thick crust with an average velocity of ENE-WSW and a width of at least 80-100 km.
6.62 km s−1. The regional Bouguer gravity anomalies in Dharwar craton, GEOPHYSICAL CHARAC TERISTICS Cuddapah basin and Godavari graben vary in the range −50 to −90 mgal. In contrast, the EGMB and KG basin show a Based on historical and instrumental records, seismicity of the region (Chandra 1977; Rao & Rao 1984) reveals clustering in −30 to +10 mgal gravity high. The Godavari graben and KG basin are conspicuous on the heat-flow anomaly map of India the Godavari graben and KG basin. The focal mechanism solution indicates a N to N30°E P-axis orientation with left- (Ravishankar 1988) , with values up to 70-100 mW m−2, compared to 40-60 mW m−2 over the adjoining Dharwar craton lateral motion on the NE-striking nodal plane. Well break-out data offshore the KG basin and in situ measurements at and Cuddapah basin. Hyderabad in the Dharwar craton yield a maximum horizontal stress direction of N35°±3°E, similar to that observed in DATA COLLEC TION AND PROCESSING other parts of India (N31°E to N73°E; Gowd, Rao & Gaur 1992). These observations suggest that tectonic stress in the We operated 24 temporary seismic stations ( Fig. 1 ) in the study region. Due to rough terrain it was not possible to region is largely governed by the Indo-Asian collision process.
The crustal P-velocity structure of the region is based on operate a station in the centre of Godavari graben. Instead, we set up stations on its southern and southeastern edges. In three deep seismic profiles that run (1) across the Cuddapah basin into the EGMB, (2) along the eastern segment of the other geological blocks the station distribution is fairly even. To preserve reasonable time accuracy, the internal clock of the Godavari graben into the KG basin, and (3) E-W, cutting system was synchronized at least twice daily with the external becomes wider and (2) the Earth is probably less heterogeneous at greater depths. The model depth was kept at 300 km. For radio signals from the BBC at 15 MHz. Clock drift was recorded on the seismograms and accounted for in the data the earth model presented in Table 1 the velocity inversion was performed for a range of damping parameters h. We deem analysis.
The arrival times of P waves in the distance range 30°to a value of h2#25 s2/%2 optimal using a trade-off graph between data variance reduction and length of the solution 100°from the array and PKPdf between 110°and 180°were read to an accuracy of 0.05-0.1 s. Any misidentification of vector (Fig. 3b) . Using these velocity and earth parametrizations, a 3-D peak or trough causes a traveltime error of 0.5 to 1.0 s and is readily detected in the residual plot. We have corrected all such inversion was performed. The resulting velocity model is a compromise between reducing the variance of velocity perturerrors. The events are not evenly distributed in azimuth and distance-there are only a few events from the SW (primarily bations and minimizing the data misfit. The model accounts for 80 per cent of the data variance. To check the effect of PKPdf )-while NE to SE azimuths are well represented. Traveltimes reduced to a sea-level datum elevation using a block orientation on the velocity inversion, we rotated the entire reference system in different directions from N30°E to velocity of 5 km s−1 to correct for the elevation difference in the region were used to compute traveltime residuals relative N45°W (Fig. 4) . Because the blocks are squares, all other directions would be redundant. A qualitative examination shows to an event average using the earth model of Herrin (1968) .
that despite similarities in appearance, velocity tomograms for the model rotated by 30°to the east best accommodate the ANALYSIS OF TRAVELTIME RESIDUALS rays in the sense of a minimum fuzziness of images. Because the stations have an uneven ray distribution with more from Fig. 2(a) shows the spatial variation of station anomalies (residuals averaged for all azimuths and distances). The eastern azimuths, we examine the degree of cross-firing of rays for individual blocks by plotting the distribution of ray-hit Dharwar craton and Cuddapah basin have negative residuals (average 0.3 s), while positive residuals (average +0.4 s) are counts in different layers for two well-sampled perpendicular azimuths, NW-SE and NE-SW (Fig. 5) . Blocks crossed by observed over the EGMB and KG basin. Stations in and adjoining the Godavari graben show positive to near-zero rays from both directions have better resolutions. It is well known that peripheral blocks have mostly unidirectional rays, residuals. The pattern of relative residuals for the events from the NW, NE, SE and SW quadrants (Figs 2b-e) are nearly and this experiment is no exception. Also, owing to the dominance of NE and SE teleseismic rays, the hit counts are the same. The P residual from the SW quadrant primarily comprises PKPdf arrivals. Except for the anomaly magnitude, elongated in these azimuthal sectors. A closer examination of the hit counts reveals that for mid-lithospheric layers the azimuthally varying residual is similar to the station anomaly pattern. The KG basin and EGMB show delayed (40-210 km) the illumination is good for the Dharwar craton, EGMB, KG and Cuddapah basins. Deeper than 210 km only arrivals (average +0.4 s), while the early arrivals (average −0.3 s) are observed at stations over the Dharwar craton the eastern part of the Dharwar craton is well sampled. Hence, results are well constrained to a depth of 210 km. To minimize and Cuddapah basin. This variation of 0.7 s is too large to be explained only by the crustal velocity variation and implies significant upper-mantle velocity variation between the Dharwar craton and the EGMB/KG basin.
3-D VELOCITY MODELLING
The lateral and vertical distribution of P-wave velocity in the region is derived with the widely used methodology of Aki et al. (1977) . Details are presented in Evans & Achauer (1993) .
The 1-D reference velocity model for the representative crust (0-40 km) was adapted from Rai et al. (1996) and uppermantle velocities from Herrin (1968). In the upper mantle (depth >40 km) the region was parametrized into cubes of horizontal dimension 0.5°×0.5°, comparable with the average interstation spacing of about 60 km. The first layer (40 km) was not divided into blocks; instead, each station was assigned a unique block with all rays arriving at that station attributed to it. The solution was retained for only those blocks where the diagonal elements of the resolution matrix are greater than 0.5 and the corresponding off-diagonal elements are smaller than 0.1. To examine the effect of the depth extent (thickness) of the model on velocity perturbations, a suite of inversions was performed, progressively increasing the base of the model from 40 to 400 km (Fig. 3a) . The crust (0-40 km) accounts for about two-thirds of the residual and the rest is due to inhomogeneous upper mantle. With the increasing depth, the variance In the shallowest layer (0-40 km) there is a clear demarcation among tectonic units. This layer provides information about velocities were subsequently averaged within block-overlap areas to provide a spatially smoothed velocity picture (Fig. 6) .
velocity characteristics of the crustal segments. The Dharwar craton has a higher velocity (average 2.5 per cent), which Details of ray-hit counts, diagonals of the resolution matrix and standard error estimates are presented in Fig. 7 for the grades into near-average velocity (−0.1 to −0.2 per cent) in the northern Cuddapah basin. The velocity continues evaluation of the solution of the ACH inversion. Owing to the use of relative residuals in the ACH formalism, the mean layer to decrease to −1.4 to −3.0 per cent in the EGMB and Godavari basin and to an average of −5 per cent beneath velocity is expected to be close to zero, and absolute velocities are unknown.
the KG basin. The velocity variation across the array is 5 to 7 per cent, with the craton showing 1 to 2 per cent higher and the EGMB and Godavari-KG basins characterized by 3 DISCUSSION to 5 per cent lower velocities. There is a progressive decrease in velocity from the cratonic domain towards the eastern We interpret the 3-D velocity model (Fig. 6 ) in the context of the regional geology and tectonic framework. margin. characteristic lower velocities. The Dharwar craton has Upper mantle remained inert since 2 Ga, while the last episode recorded in the Cuddapah basin is #1 Ga. In contrast, the eastern margin The second layer (40-120 km), representing the uppermost mantle, continues the demarcation of tectonic blocks. The suffered major tectonic activity at #110 Ma during IndoAntarctic separation. This continental rifting led to subsidence Dharwar craton has a higher velocity (average 1 per cent) compared with the −2 per cent average perturbation in the and the formation of the KG basin. This was followed by volcanism around 65 Ma. These tectonic events appear to have EGMB and KG basin. In deeper layers (120-210 km) the region is largely homogeneous, with velocity varying between left their imprint on the velocity structure. The observed velocity variation could be interpreted in terms of elevated −0.5 and +0.5 per cent; therefore, we conclude that at depths >120 km the study region has a homogeneous upper mantle.
mantle temperature or lithospheric thinning beneath the EGMB and KG basin. Jordan (1981) argued that comIn summary, the 3-D velocity image of southeast India brings out two important features: the cratonic segment positional variations can account for no more than 1 per cent V p variation. Therefore, the observed 3 to 5 per cent velocity (interior domain) has higher than normal crust and uppermantle velocities (0-120 km), while the EGMB and KG have variation across the array needs an explanation in terms of temperature and melt-fraction difference. The relationship rifted margins has been discussed by Davis et al. (1993) dV p /dT =0.5 m s−1 k−1 is commonly used to relate temand Thompson & Gibson (1994) . The low velocity along perature to V p (Anderson & Bass 1984) . Considering V o as the eastern margin at depths up to 120 km suggests thinned 8.0×103 m s−1, a #160°C temperature decrease per per cent lithosphere (<100 km) compared to the thicker lithosphere V p increase is estimated. Using this relationship, we estimate a (>200 km) beneath the Dharwar craton. Such lithosphere >300°C elevated mantle temperature beneath the eastern thinning is possibly a consequence of the rifting of India from margin compared to the lower temperature, #160°C, beneath Antarctica. the Dharwar craton in the depth range 40-120 km. Our temperature scaling therefore shows a mantle temperature difference of #500°C in the depth range 40-120 km between ACKNOWLEDGMENTS Dharwar and the eastern margin.
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